Abstract Scavenger receptors mediate binding and uptake of chemically modified lipoproteins. cDNA cloning of the human macrophage scavenger receptor (MSR) reveals the presence of two mRNA species, the type I and II isoforms, which are generated by 3' alternative splicing of a single MSR gene and translated into two proteins with different C-terminal domains. We studied MSR isoform expression during the differentiation from circulating monocytes to adherent macrophages and subsequently to lipid-laden foam cells. Differentiation from monocyte to macrophage was associated with a prominent increase in MSR expression on the mRNA, protein, and cell surface levels, leading to an increased uptake of acetylated low-density lipoprotein (LDL). Further analyses of mRNA and proteins revealed that both MSR isoforms were present in low and approximately equal amounts on the surface of CD14 + peripheral blood monocytes; these cells had S cavenger receptors mediate the uptake and degradation of chemically modified proteins. Endotoxins, acetylated and oxidized low-density lipoprotein (LDL), maleylated albumin, and other proteins with an increased negative surface charge are bound to macrophage scavenger receptors (MSRs), internalized, and degraded in a lysosomal compartment.
S
cavenger receptors mediate the uptake and degradation of chemically modified proteins. Endotoxins, acetylated and oxidized low-density lipoprotein (LDL), maleylated albumin, and other proteins with an increased negative surface charge are bound to macrophage scavenger receptors (MSRs), internalized, and degraded in a lysosomal compartment. 15 Degradation of modified LDL via the MSR pathway results in an increased cellular cholesterol content and the formation of cholesteryl ester droplets in the cytoplasm. 13 The increase in intracellular cholesterol levels does not affect the expression of the receptor, and lipoprotein uptake therefore continues until the macrophage is transformed into a lipid-laden foam cell. 2 ' 35 This contrasts with the delicate homeostatic regulation of the receptor for native LDL, which is downregulated by excess levels of intracellular cholesterol. 6 The development of lipid-laden foam cells in atherosclerotic plaques is therefore thought to be caused by MSR-mediated uptake of modified LDL. 23 -7 However, MSR expression is modulated by cytokines such as interferon-y and tumor necrosis factor, which are involved in macrophage activation.
810 It therefore appears likely that approximately similar levels of type I and type II MSR mRNA species. During differentiation to macrophages, there was a rapid, selective increase in type I MSR mRNA, with type II mRNA being expressed at approximately the same level as in the monocyte. This, in turn, resulted in an increase in type I MSR protein on the cell surface during differentiation from monocyte to macrophage. Type I MSR mRNA also dominated during the transformation of macrophages to foam cells in the presence of acetylated LDL. These findings suggest that the increased uptake of modified LDL during differentiation from monocyte to macrophage is accomplished by a selective upregulation of type I MSRs on the mRNA level. MSR cDNAs have been cloned from bovine, 1112 human, 13 and murine 14 macrophages and also from phorbol ester-stimulated rabbit smooth muscle cells. 15 MSRs are trimeric glycoproteins that bind acetylated LDL (Ac-LDL) and other ligands via collagenlike coiled-coil domains. 111216 The MSR gene products belong to an evolutionarily conserved family of proteins with cysteine-rich, extracellular C-terminals. 1416 ' 17 Two different MSR isoforms have been identified. MSR type I contains the scavenger receptor cysteinerich (SRCR) domain that defines the gene family at the C-terminal end of the molecule. MSR type II has a much shorter C-terminal domain and lacks the SRCR domain. 1114 The two types of protein are generated from a single gene by alternative splicing. 18 Both receptor isoforms mediate binding and uptake of Ac-LDL with roughly equal efficiency when the respective cDNAs are transfected into Chinese hamster ovary cells, 19 and both isoforms can be detected on macrophages in tissues. 20 The significance of the two forms of MSR has therefore been unclear.
We examined the expression of MSRs during differentiation of peripheral monocytes into macrophages. Reverse transcription followed by polymerase chain reaction (RT-PCR) using isoform-specific primers (Fig  1) and immunoblotting and fluorescence-activated cell sorter (FACS) analysis with isoform-specific peptide antibodies permitted a semiquantitative evaluation of the expression of MSR isoforms on the mRNA, cell protein, and cell surface levels. MSR type II was expressed constitutively at a low level by both mono- Boxes I through VI represent sequences encoding the different domains of the MSR proteins. Domain IV is the a-helical coiled-coil, V the collagen-like domain, Via the type I-specific scavenger receptor cysteine-rich domain, and VIb the type II-specific 3' domain. The sequences and location of polymerase chain reaction (PCR) primers S (5' common primer), E (type I-specific 3' primer), and R (type II-specific 3' primer) are indicated together with the sizes of the amplified fragments. The 3' primers E and R are complementary to the sequences of the 3' ends of the predicted MSR I-and II-specific PCR products (447 bp and 291 bp, respectively). The label i shows the position of the internal oligonucleotide used for hybridization. The sequences corresponding to the sites recognized by the anti-MSR peptide antibodies hSR I-2, hSR I-3, and hSR 11-1 are marked with filled triangles.
cytes and macrophages. MSR type I was also expressed at a low level by monocytes, but differentiation into macrophages was accompanied by a rapid, selective upregulation of the expression of type I MSR. The high expression of this isoform was maintained after transformation of monocyte-derived macrophages into cholesterol-laden foam cells. Our data therefore suggest (1) that the increased MSR activity observed during differentiation from monocyte to macrophage is due to a selective increase in the expression of type I MSR isoforms, (2) that this upregulation occurs on the mRNA level, and (3) that the increased MSR type I expression is important for the transformation of macrophages into foam cells.
Methods Cells
Buffy coats freshly prepared from the peripheral blood of healthy donors were provided by the Blood Center of Sahlgren's Hospital. Mononuclear cells were isolated by Ficollpaque centrifugation (Pharmacia). After collection of mononuclear cells at the interface, granulocytes in the bottom phase were isolated after hypotonic lysis of erythrocytes. Monocytes were recovered by adherence on plastic dishes for 30 minutes, nonadherent cells were removed by rinsing, and the monocytes were then cultured in RPMI-1640 medium (GIBCO) supplemented with 10% fetal bovine serum, 10% pooled human serum, 50 000 U/mL penicillin G, and 50 jtig/mL streptomycin. Macrophage differentiation was induced by continued incubation of monocytes in the dishes. 9 Viability was >95% in all experiments as determined by trypan blue exclusion, and monocyte/macrophage purity was >90% as determined by immunofluorescent staining with an anti-CD14 antibody (Leu-M3, Becton Dickinson). Macrophage-derived foam cells were prepared by incubating macrophages with 50 /ng/mL Ac-LDL for 3 days. Human fibroblasts were prepared from skin biopsies of healthy volunteers and cultured in the same RPMI medium as above.
Lipoprotein Binding and Internalization
Ac-LDL labeled with l,r-dioctadecyl-l-3,3,3',3'-tetramethylindocarbocyanine perchlorate (Dil) (Biogenesis) was used for analysis of MSR activity. Cells were incubated with DilAc-LDL at 5 jig/mL in medium for 30 minutes at 4°C to detect binding and for 60 minutes at 37°C to visualize internalization. 9 The specificity was verified by competition experiments with unlabeled Ac-LDL (Biogenesis). 9 Cells were analyzed either by fluorescence microscopy using a rhodamine filter set 9 or by FACS (see below). The intracellular lipid content of macrophage-derived foam cells was examined by using oil red O staining 9 after incubation with the Ac-LDL.
Immunophenoryping
After incubation with Dil-Ac-LDL, leukocytes were immunophenotypically analyzed using fluorescein isothiocyanate (FITC)-labeled monoclonal antibodies (all antibodies were obtained from Becton Dickinson) against the myeloid antigens CD13, CD14, and CD15; the lymphoid antigens CD3, CD5, and CD19; and the class II major histocompatibility complex antigens HLA-DR and HLA-DQ. Standard procedures were used for immunofluorescent staining and FACS analysis.
Anti-MSR Antibodies
The polyclonal rabbit anti-human MSR antibodies hSRI-2, hSRI-3, and hSRII-1 were generated by immunization with synthetic peptides conjugated with bovine serum albumin. 20 hSRI-2 recognizes the collagen-like domain (amino acid residues 325 through 342) that is shared by type I and type II MSR, hSRI-3 recognizes the MSR type I-specific cysteine-rich domain (residues 401 through 409), and hSRII-1 recognizes the MSR type II-specific C-terminal domain (residues 342 through 358, Fig. 1 ). Purified immunoglobulin G (IgG) was used at 1:200 dilutions for FACS analysis. Cells were incubated with antibodies at 4°C for 1 hour and washed in phosphate-buffered saline (PBS) three times. Binding was visualized by incubation with an FITC-labeled swine antirabbit IgG (Dakopatts). In cross-competition experiments cells were preincubated with 100 /xg/mL Ac-LDL or peptide antibody (1:20 dilution), and peptide antibody or Dil-Ac-LDL was subsequently added to the incubations.
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Arteriosclerosis and Thrombosis Vol 14, No 5 May 1994 analyzed in an FACScan flow cytometer (Becton Dickinson) using the calibration procedure described previously. 9 The Dil and FITC fluorescence levels were determined in channels FL1 and FL2 of the FACScan instrument and analyzed by using the LYSYS II software program. Labeling with an irrelevant antibody and omission of the specific antibody were used as negative controls.
Immunoblotting
Monocytes and monocyte-derived macrophages (2xlO 7 cells) were lysed with 0.5% digitonin in 150 mmol/L NaCl, 25 mmol/L tris(hydroxymethyl)aminomethane (Tris)-HCl, pH 7.5, 1 mmol/L phenylmethylsulfonyl fluoride, 10 /ng/mL soybean trypsin inhibitor, and 10 /xg/mL aprotinin with continuous mixing on ice for 30 minutes. Postnuclear supernatants were collected after centrifugation at 20 OOOg for 30 minutes at 4°C. Protein concentration of the supernatant was determined by using a Coomassie blue dye binding assay (Bio-Rad Laboratories). Fifty micrograms protein was dissolved in a reducing sodium dodecyl sulfate (SDS) sample buffer (25 mmol/L Tris-HCl, pH 6.8, 1% SDS, 5% glycerol, and 2.5% 2-mercaptoethanol), boiled for 1 minute, and subjected to SDS-polyacrylamide gel electrophoresis using a Laemmli system 21 with a 10% separating gel. After electrophoresis, proteins were electrotransferred to nitrocellulose membranes (Hybond-C, Amersham) at 60 V in 15 mmol/L Tris-glycine, pH 8.3, with 20% (vol/vol) methanol. The membranes were washed in PBS, preincubated with 5% fat-free dry milk in PBS, incubated for 1 hour with peptide antibodies (1:200) in PBS-tnilk, and rinsed three times in PBS. After incubation with alkaline phosphatase-conjugated donkey anti-rabbit IgG (1:1000 in PBS-milk) for 1 hour, the membranes were washed three times with PBS and then incubated with a substrate solution containing 2 mmol/L MgCl 2 , 40 mg naphthol phosphate, and diazotized 4'-amino-2',5'-diethoxybenzanilide (Sigma) in 200 mmol/L Tris-HCl, pH 8.8, at room temperature for 1 hour.
Oligonucleotides
Oligonucleotides were synthesized on a DNA synthesizer (model 391, Applied Biosystems Inc). The 5' primer (primer S) was a 23-mer selected from a sequence that is shared between type I and II MSRs (Fig 1) . Two 3' primers were used: a 23-mer specific for the SRCR domain of type I (primer E) and a 24-mer specific for the 3'-terminal domain of MSR type II (primer R) (Fig 1) . An additional 23-mer antisense oligonucleotide (labeled i; sequence AGGACCTATTG-GACCTGGAAATC) from a common sequence between the 5' and 3' primers was used to identify MSR sequences by Southern blot. A primer set for PCR amplification of glyceraldehyde-3-phosphate dehydrogenase (GAPDH) cDNA was purchased from Clontech.
RNA Isolation
Total RNA was isolated from the cells essentially by following the method of Chomczynski and Sacchi. 22 Briefly, the cells were lysed in a denaturing buffer containing 4 mol/L guanidinium thiocyanate, 25 mmol/L sodium citrate, pH 7.0, 0.5% sodium lauryl sulfate, and 0.1 mol/L 2-mercaptoethanol. The RNA was extracted from the cell lysate by mixing with an equal volume of phenol, 0.2 vol chloroform-isoamyl alcohol (49:1), and 0.1 vol 2 mol/L sodium acetate, pH 4.0, followed by centrifugation at 20 OOOg for 20 minutes at 4°C. RNA in the upper phase was collected, precipitated in ethanol, dissolved in water, and quantified by spectrophotometry at 260 nm. Synthetic MSR RNA was prepared from the plasmid phSRI, which contains a human MSR type I cDNA insert. 13 The plasmid was linearized with Xba I, and RNA was transcribed using T7 RNA polymerase (Boehringer Mannheim).
RT and PCR Amplification
Total cellular RNA (200 to 300 ng) or 10 pg synthetic MSR RNA was mixed with 2.5 jimol/L random hexamers, 1 mmol/L dNTP, 2.5 U/mL Moloney murine leukemia virus reverse transcriptase (Boehringer-Mannheim), and 1 U/mL RNasin in 20 ixh RT buffer (50 mmol/L KC1, 10 mmol/L dithiothreitol, 10 mmol/L Tris-HCl, pH 8.3, and 5 mmol/L MgCl 2 ) and incubated at 42°C for 30 minutes. Samples were then denatured for 5 minutes at 99°C and kept at -20°C if not used immediately. The PCR reaction mixture contained 20 pmol 5' primer, 10 pmol of each 3' primer, 200 Aimol/L of each dNTP, and 2.5 U Taq DNA polymerase (Perkin-Elmer Cetus) in 100 fit PCR buffer (2 mmol/L MgCl 2 , 50 mmol/L KC1, 10 mmol/L TrisHCl, pH 8.3, and 2 mmol/L dithiothreitol). To reduce nonspecific amplification, the master mix was heated to 72°C before addition of templates. The PCR cycle consisted of 94°C for 30 seconds, 55°C for 30 seconds, and 72°C for 120 seconds with a 10-minute elongation step at 72°C in the last (35th) cycle. For quantitative analysis of PCR products, the common 5' primer was end-labeled with [ 32 P]ATP (DuPont-NEN) and T4 polynucleotide kinase (Boehringer Mannheim) before PCR. After electrophoresis of PCR products, the bands in the agarose gel were excised, and the radioactivity was measured by scintillation counting.
Southern Blot
PCR products were separated by agarose electrophoresis using 2% NuSieve and 1% SeaKem agarose (FMC Bioproducts) and transferred to Hybond-C Extra membranes (Amersham) by capillary blotting. Membranes were baked at 80°C for 3 hours, prehybridized in 5x Denhardt's solution, 6x saline-sodium citrate (SSC), and 0.1% SDS at 55°C for 4 hours, and hybridized with the 32 P-labeled internal probe at 2xlO 6 cpm/mL in prehybridization buffer. Membranes were washed at 55°C in l x SSC and 0.1% SDS and exposed to Kodak X-Omat AS film. Hybridization was quantified by densitometric scanning of the films.
Statistical Analysis
Student's t test was used for evaluation of differences between means. P values below .05 were considered significant (double-tailed test).
Results

MSR Activity Is Present in Monocytes but Not in Other Leukocytes
The MSR activity in peripheral circulating leukocytes was determined by assessing the internalization of Ac-LDL labeled with the fluorochrome Dil. After incubation with Dil-Ac-LDL, leukocytes freshly isolated from peripheral blood were examined by fluorescence microscopy and flow cytometry. Dil-Ac-LDL internalizing cells were detected, indicating the presence of MSR activity in these cells (Fig 2) . To further characterize the cell type responsible for the Dil-Ac-LDL uptake, we performed an immunophenotyping assay using monoclonal antibodies against myeloid and lymphoid antigens. Almost all Dil-Ac-LDL-labeled cells were located in the monocytic population and expressed the monomyeloid antigens CD13 and CD14 (Fig 3) . However, 25% of the freshly isolated CD14 + monocytes exhibited low MSR activity. The same cells showed a high level of the myeloid carbohydrate antigen CD15, indicating the presence of an MSR l0W CD15 h ' 8h subpopulation of monocytes (Fig 3) . In contrast to monocytes, there was no MSR activity present in neutrophils and lymphocytes (Fig 3) . 
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MSR Expression Increases During Macrophage Differentiation
MSR expression was upregulated during monocyte differentiation into macrophages. In vitro culture of monocytes on an adherent surface induced their differentiation into macrophages, and Dil-Ac-LDL uptake by the cells increased substantially during this process (Figs 2 and 4) . The fluorescent intensity of internalized Dil-Ac-LDL in the 1-week-cultured, monocyte-derived macrophages was 30-fold higher than that of freshly isolated monocytes (Fig  4) . The uptake of Dil-Ac-LDL was MSR mediated since it was inhibited by excess amounts of unlabeled Ac-LDL but not by native LDL (data not shown) and also by anti-MSR antibodies (see below). Immunoblotting of cell proteins with an antibody to the collagen-like domain that is shared between the two MSR isoforms showed a substantial increase in MSR monomers and dimers during macrophage differentiation (Fig 5) .
Type I and II MSR Proteins Are Coexpressed on Monocyte-Derived Macrophages
Whether the two MSR isoforms are expressed by different subsets of macrophages or whether both are expressed by each cell remains unclear. To investigate this, we used a combination of Dil-Ac-LDL uptake and immunostaining with anti-MSR antibodies for two-color flow cytometry. The hSRI-3 and hSRII-1 peptide antibodies to the C-terminal domains of type I and type II MSR proteins exhibited little competition with Ac-LDL for binding to MSRs (data not shown) and were used to identify type I and type II MSR by flow cytometry. Fig 6 shows representative FACS panels from such analyses. Almost all Dil-Ac-LDL-labeled cells were immunostained with both antibodies, indicating that macrophages with MSR activity express both types of MSR protein isoforms.
Surface Expression of Type I MSR Increases During Macrophage Differentiation
Both isoforms of MSRs bind Ac-LDL with similar affinities, 11 -12 and both react with hSRI-2 antibodies. 20 Therefore, the increase in MSR expression observed during macrophage differentiation could be due to an increase in either one or both MSR isoforms. The two isoform-specific peptide antibodies were used to further characterize the pattern of expression. FACS analysis of monocytes showed approximately equal fluorescent intensities of hSRI-3 (type I-specific) and hSRII-1 (type II-specific) staining (Fig 7) . In contrast, there was a significant difference in fluorescent intensities when monocyte-derived macrophages were stained with the two peptide antibodies (Fig 7) . hSRI-3 staining now resulted in a fluorescent signal that was approximately three times stronger than that of hSRII-1, indicating a higher expression of the type I MSR isoform.
Type I MSR Expression Is Upregulated on the mRNA Level During Macrophage Differentiation
To evaluate the level of regulation of MSR isoform expression, we constructed an RT-PCR method that permitted simultaneous analysis of both MSR isoforms. mRNA from monocytes and macrophages was reverse transcribed and the cDNA amplified by using a primer set that contained one common 5' primer and two different, isoform-specific 3' primers (Fig 1) . In this way, type I and type II MSR cDNA could be coamplified in the same PCR reaction tube, with the amounts of reaction products reflecting the relative abundance of the corresponding templates. This PCR amplification was tested in a wide cycle interval and was linear from 27 through 39 cycles, with similar efficiencies of the two isoforms (data not shown). Analyses of cellular MSR transcripts were therefore always performed with a 35-cycle PCR. The specificity of the PCR reaction was verified by amplifying a transcript of the phSRI human MSR cDNA in a parallel tube in every experiment. This resulted in a band at 447 bp corresponding to type I MSR (see below). Finally, an additional primer set was used to amplify a cDNA for GAPDH, the "housekeeping control" mRNA, as an indicator that equal amounts of mRNA were used for the analysis (Fig 8b) .
RT-PCR analysis of monocyte mRNA revealed two MSR bands, one at 447 bp and one at 291 bp. These are the predicted sizes of the type I and type II cDNA sequences amplified with the primer set. Both bands hybridized in a Southern blot analysis with an internal oligonucleotide corresponding to a sequence in the collagen-like domain that is shared between the two isoforms (Fig 8a) . This confirmed that both bands were derived from MSR mRNA. The relative abundance of the two transcripts could be estimated by densitometric analysis of the hybridization. Differentiation into macrophages was associated with a drastic increase in type I MSR transcripts; in contrast, type II transcripts were essentially unchanged (Fig 8c) . These data confirm that the selective induction of the type I isoform of MSRs during macrophage differentiation is accomplished on the mRNA level.
MSRs Are Expressed in Macrophage-Derived Foam Cells
Transformation of macrophages into foam cells is thought to be mediated via MSR activity in an environment that contains modified lipoproteins. 24 Foam cells of atherosclerotic plaques express both MSR isoforms, but the relative importance of the two isoforms has been unclear. We therefore transformed human monocytederived macrophages into foam cells by exposure to modified LDL and evaluated their MSR isoform expression on the mRNA level by RT-PCR. Lipid-laden foam cells still expressed MSR mRNA, confirming that MSR expression is not downregulated by lipid loading (Fig 9) . The foam cells as well as their precursors, the monocyte-derived macrophages, contained significantly higher levels of type I MSR transcripts compared with the type II isoform (Figs 9 and 10) . In contrast, no or little MSR mRNA was detected by RT-PCR in neutrophils and fibroblasts (Fig 9) .
Discussion
MSR is a trimeric glycoprotein on the surface of mononuclear phagocytes that mediates the endocytosis of denatured and chemically modified macromolecules including modified LDL. MSR activity is increased severalfold during the differentiation of a blood monocyte into a macrophage. This is accompanied by an increased capacity to internalize modified LDL and by the tendency of macrophages to transform into foam cells when exposed to high concentrations of modified lipoproteins in the extracellular milieu. 24 The mecha- nism responsible for the increased MSR expression and Ac-LDL uptake has, however, been unclear. The present data shed light on this question by demonstrating that peripheral blood monocytes express a low but significant MSR activity and that the two MSR isoforms exist at approximately equal levels in monocytes; that cell-surface MSR expression is increased severalfold during the differentiation of monocytes into macrophages and that this is accomplished by an increased number of type I MSRs; and that the increased level of type I MSRs on the cell surface is caused by an increase in type I MSR mRNA. Finally, the increased ratio of type I to type II MSRs is maintained during transformation of macrophages into foam cells, suggesting that the upregulation of type I MSRs is important for intracellular cholesterol accumulation and foam cell formation.
These conclusions are based on studies using MSR ligand uptake assays with fluorescent Ac-LDL, immunostaining with isoform-specific peptide antibodies, and an RT-PCR method that discriminates between the two mRNA isoforms. The use of FACS permitted a quantitative analysis of the relative abundance of MSR isoforms on the surface of monocytes and macrophages and revealed a selective increase in binding of MSR type I-specific antibodies in parallel with the differentiation process. The homogeneity of the monocyte and macrophage populations in the FACS analysis throughout the differentiation process makes it unlikely that a selection of an MSR-I hlgh subset of monocytes could account for the results. Instead, our data suggest that virtually all monocytes upregulate MSR type I as part of their differentiation process into macrophages. The two types of MSR mRNA are generated by alternative splicing 18 from the common exons 1 through 8 to either exon 9 (type II) or to exons 10 and 11 (Fig 1) . Both type I and type II transcripts and proteins were found in virtually all monocytes and macrophages, and both splicing patterns must therefore operate in the same cell. The selective increase in type I transcripts and proteins during macrophage differentiation might occur by a switch in the ratio between type I and type II splicing. However, total MSR mRNA levels appeared to increase during macrophage differentiation, and this was accompanied by a considerable increase in cellular MSR protein and MSR activity on the cell surface. Therefore, such a proposed switch in the splicing ratio must represent an increase in the transcription of the MSR gene associated with a selective production of type I MSR mRNA to explain the findings on the mature mRNA level. Alternatively, there might be a stabilization of type I mRNA, resulting in a reduced degradation and an increased steady-state level. This is the subject of further studies in our laboratories.
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FIG 8. Expression of types I and II macrophage scavenger receptor (MSR) mRNA during macrophage differentiation. Reverse transcription polymerase chain reaction was followed by agarose gel electrophoresis and Southern blot, a, Southern blot hybridization with a 32 P-labeled internal oligonucleotide complementary to the collagen-like domain that is present in both MSR isoforms. Type I MSR bands at 447 bp increased in intensity during 26 hours of differentiation from monocyte to macrophage, whereas type II MSR bands at 291 bp were essentially unchanged, b, Ethidium bromide staining of glyceraldehyde-3-phosphate dehydrogenase (GAPDH) amplification product from the same RNA preparations. The GAPDHspecific band at 983 bp does not change during differentiation, c, Bar graph of the densitometric analysis of Southern hybridization (a) confirms substantial increase in type I MSR transcripts during differentiation.
Whether the two MSR isoforms differ with regard to function is still unknown, and thus it is unclear why the increased MSR activity during macrophage differentiation is accomplished by an upregulation of the type I isoform. Current data show no significant differences in 1 52325 The nonreciprocal cross-competition between these ligands 1923 makes it possible that, in addition to the collagen-like domain, other domains may also play a role in determining the affinity and specificity of ligand binding. Since both types of MSR are found on a single cell, the functional MSR trimers could be heterotrimers composed of both type I and type II isoforms as well as homotrimeric forms containing only one of the isoforms. The increase in type I MSR protein observed in this study might result in changes in the relative proportions of such forms on the cell surface, and this could perhaps affect the MSR ligand binding capacity of the macrophage. In view of the homogeneity of the populations revealed by FACS, it is unlikely that the increased MSR type I/type II ratio would reflect a selective accumulation of a monocyte subset with a high MSR type I expression.
Macrophage differentiation is associated with an increased sensitivity to endotoxin, which in turn downregulates MSRs, 2627 and activation by the cytokines interferon-y and tumor necrosis factor, which also inhibit MSR expression. 810 It will be important to determine whether these regulatory events are associated with MSR isoform switching. Finally, our observation that the ratio of MSR type I/type II isoforms is high during foam cell formation suggests that upregulation of type I MSRs characterizes a mononuclear phagocytic phenotype that is susceptible to cholesterol accumulation. This could imply that foam cell formation, a phenomenon of central importance in atherogenesis, might be controlled on the level of MSR gene expression.
